Objective: To determine whether further cervical length shortening by transvaginal ultrasonography in asymptomatic high-risk women with a short cervical length adds additional predictive value for spontaneous preterm birth and perinatal morbidity.
Introduction
Preterm birth is a major cause of perinatal morbidity and mortality. [1] [2] [3] [4] [5] Risk factors for preterm birth include a history of preterm birth, [6] [7] [8] [9] [10] [11] [12] excisional treatment for cervical dysplasia [13] [14] [15] and presence of a uterine anomaly. [16] [17] [18] [19] Cervical length measured by transvaginal ultrasonography has been shown to predict preterm birth in these asymptomatic high-risk women. 13, [20] [21] [22] [23] [24] [25] [26] [27] [28] Some studies have suggested that cervical length shortening by transvaginal ultrasonography may further increase the risk of preterm birth, 26, [29] [30] [31] [32] [33] [34] whereas other studies have not noted this association. [35] [36] [37] There is a limited information regarding the benefit of follow-up cervical length ultrasound in high-risk asymptomatic women found to have a short cervical length. The objective of this study is to determine if further cervical length shortening by transvaginal ultrasonography in high-risk asymptomatic women with a short cervical length adds additional predictive value for spontaneous preterm birth <35 weeks' gestation and perinatal morbidity.
Methods
This retrospective cohort study included women with singleton gestations delivering between 1 July 2000 and 31 January 2008 at the Women's Health Centre of Eastern Health, St John's, Newfoundland, Canada. Women were included if they had previously had a spontaneous preterm birth at between 16 weeks and 0 days and 36 weeks and 6 days of gestation, had previously undergone an excisional cervical procedure for cervical dysplasia (including loop electrosurgical excision procedure or cone biopsy) or were previously found to have a uterine anomaly (including bicornuate, unicornuate, didelphis or septate uterus); and who were found by transvaginal ultrasonography to have a cervical length <3.0 cm at 20 to 28 weeks' gestation without regular contractions, and who underwent a follow-up cervical length within 3 weeks. Previous studies at our centre have suggested the best cervical length cutoff by receiver-operator characteristic curve in asymptomatic high-risk women to predict spontaneous preterm birth is 3.0 cm. 13, 21 Women were divided into two groups. Group 1 comprised women with further cervical shortening >10%, and group 2 comprised women who did not have further cervical shortening. A change of >10% was chosen, as the interobserver variability of cervical length assessment has been found to be within 10%. 38 Women were excluded if they had undergone cervical cerclage placement, as cerclage placement may alter cervical length and the risk of preterm birth. None of the women received progesterone in the current pregnancy, as this was not the practice at our centre at the time of the study. The study was approved by the Human Investigation Committee of Memorial University and Newfoundland and the Research Proposal Approval Committee of the hospital.
Methods of transvaginal ultrasonography have been previously described. 13 Transvaginal ultrasonography was performed by one of two Maternal Fetal Medicine Specialists with the ATL HDI 5000 Ultrasound System (Philips Medical Systems, Markham, Ontario, Canada) or Voluson 730 or E8 Ultrasound Systems (GE Medical Systems, Milwaukee, WI, USA). With the maternal bladder empty, the cervical length was measured in the sagittal plane after visualizing simultaneously the internal and external cervical os. Three measurements were obtained. Next suprapubic pressure was applied displacing the presenting fetal part to determine whether funneling had occurred, defined as a 'V' or 'U' shaped indentation of the internal os by the amniotic membranes. The shortest of these measurements was considered the cervical length. The women and attending physicians were not blinded to cervical length measurements. Gestational age was determined from known last menstrual period or dating ultrasound at <20 weeks' gestation. Complications of each pregnancy were recorded, including antepartum bleeding after 20 weeks, polyhydramnios, diabetes (both gestational and pre-gestational) and maternal smoking. Demographics including gravidity, parity, maternal age and ethnicity were recorded.
The primary outcomes of the study were spontaneous preterm birth <35 weeks' gestation and composite perinatal morbidity. Spontaneous preterm birth included preterm birth related to preterm premature rupture of membranes or spontaneous onset of labor with intact membranes. Composite perinatal morbidity was defined as at least one of the following: 5 min Apgar score <7, cord arterial pH <7.10, bacterial infection within 72 h of delivery, neonatal intensive care unit admission (NICU) admission for >24 h, seizure, ventilation after initial resuscitation or evidence of end organ dysfunction within 72 h of delivery (hepatic, cardiac, renal, coagulation or hypotension). Secondary outcomes included the occurrence of spontaneous preterm birth <37 weeks, <34 weeks and <32 weeks' gestation, birth weight <2500 grams, use of corticosteroid for fetal lung maturation, use of tocolytic, maternal and neonatal outcomes. Neonatal outcomes included gestational age at delivery, birth weight, Apgar score, admission to the NICU and perinatal morbidity and mortality. Maternal outcomes included route of delivery and need for induction. Sample size was based on detecting a difference in spontaneous preterm birth <35 weeks from 10 to 40% (based on previous research), a ¼ 0.05 and b ¼ 0.20, with a 1:2 ratio, requiring 23 women with further cervical shortening and 46 women without cervical shortening for a total of 69 women.
Statistical analysis was performed with SPSS 15.0 (SPSS, Chicago, IL, USA) and PEPI 3.01, 2000 (Computer Programs for Epidemiologists, Stone Mountain, GA, USA). Continuous variables that were normally distributed were described and compared with Student's t-test. Categorical variables were compared with w 2 or Fisher's exact test, where appropriate. Ordinal variables and continuous variables that were not normally distributed were described as medians and compared with the Mann-Whitney U-test. A P-value of <0.05 was considered statistically significant. Multiple logistic regression was used to control for potential confounders to determine which variables significantly predicted the primary outcome of spontaneous preterm birth <35 weeks' gestation. Variables in the initial models were maternal age, parity, smoking, gestational age and cervical length measurement when the cervix was first found to be <3.0 cm, follow-up cervical length measurement (the next transvaginal ultrasonographic assessment after the cervix was found to be <3.0 cm), presence of funneling and whether further cervical shortening occurred. The number of women with further cervical shortening resulting in one additional spontaneous preterm birth <35 weeks' gestation was calculated. 39 
Results
In all, 70 women were included in the study (23 women with further cervical shortening and 47 women without further cervical shortening). Maternal characteristics are shown in Table 1 . All women were Caucasian. There were no significant differences in these characteristics between the groups. Table 2 summarizes the transvaginal ultrasound findings between the two groups. Women who were subsequently found to have further shortening had a somewhat shorter initial short cervical length (1.89 versus 2.23 cm). As would be expected, women with further cervical shortening were found to have a significantly shorter cervical length on follow-up ultrasound. As well women with further cervical shortening had greater change in cervical length and a greater rate of change of cervical length.
Maternal outcomes are summarized in Table 3 . Women with further cervical shortening were more likely to deliver <35 weeks' gestation, <37 weeks' gestation, <34 weeks' gestation and <32 weeks' gestation. There was no difference in the route of delivery or need for induction between the two groups.
Neonatal outcomes are summarized in Table 4 . Women with further cervical shortening had babies with a higher incidence of low birth weight (<2500 grams) and a lower mean birth weight. As well these infants had higher rates of NICU admission >24 h and a higher rate of composite perinatal morbidity.
Sensitivity, specificity, positive and negative predictive values and likelihood ratios for a short cervical length predicting preterm birth <35 week's gestation and perinatal morbidity are shown in Table 5 . Multiple logistic regression was performed to control for potential confounders to identify predictors of spontaneous preterm birth <35 weeks' gestation, revealing the only independent predictors were further cervical length shortening (adjusted odds ratio (aOR) 5.73; 95% confidence interval (CI), 1.31 to 24.43) and gestational age at initial short cervical length (aOR 0.95; 95% CI, 0.91 to 0.99). The only independent predictors of composite perinatal morbidity were further cervical length shortening (aOR 5.12; 95% CI, 1.40 to 18.68), the gestational age at initial short cervical length (aOR 0.95; 95% CI, 0.91 to 0.99) and smoking (aOR 4.18; 95% CI, 1.00 to 17.47). These variables were more predictive of the primary outcome than the cervical length measurement at the short length or follow-up length. For every four women with further cervical shortening, one additional Some women had more than one risk factor. Values are mean ± standard deviation or median (quartiles) or n (%). spontaneous preterm birth <35 weeks and one additional composite perinatal morbidity occurred, compared with women without further cervical shortening.
Discussion
Previous researchers have evaluated the use of serial transvaginal ultrasound assessments in predicting preterm birth. 26, [29] [30] [31] [32] [33] [34] [35] [36] [37] Many of these studies, however, evaluated low-risk women 29, 30, 32, 34 or those with symptoms of preterm labor. 37 Several studies have evaluated cervical shortening in high-risk women finding conflicting results, with some suggesting it added additional predictive value, 26, 31, 33 whereas others found it did not. 35 Shortcomings of previous studies include the fact that many did not evaluate only those identified with a short cervical length, 26, [31] [32] [33] [34] and studies that included only asymptomatic women with singleton gestations found to have a short cervical length did not evaluate other perinatal outcomes apart from preterm birth or gestational age at delivery. 26, 35 One study of asymptomatic high-risk women found that the cervical length measurement and the gestational age at transvaginal ultrasonography significantly affected the risk of spontaneous preterm birth. 40 They, however, did not compare the impact of further cervical shortening on the woman's risk of preterm birth. Our study found that further cervical shortening in asymptomatic high-risk women with singleton gestations predicted not only preterm birth, but also NICU admission and composite perinatal morbidity, and was more predictive of preterm birth <35 weeks' gestation than the actual cervical length measurement.
Unfortunately at the current time there are limited interventions known to be efficacious for all of these women. A randomized trial and meta-analysis have suggested benefit with cerclage placement in women with a history of preterm birth and a cervical length measurement of <2.5 cm before the 24 weeks' gestation. 41, 42 Studies have suggested possible benefit with progesterone use in women with a history of preterm birth. 43 Two studies of women with a short cervical length have suggested the use of progesterone may reduce the risk of preterm birth, 44, 45 however, further research is needed in this area. There is no evidence of benefit for this therapy in other high-risk asymptomatic groups, such as those with a uterine anomaly or excisional cervical treatment for dysplasia. Further studies are needed to evaluate specific subgroups to determine whether progesterone would be of benefit. Despite these limitations, this information may be useful in helping to counsel women. High-risk asymptomatic women with a short cervical length can subdivided into two groups, a lower risk group with a short but stable cervical length and a higher risk group with a short cervix that shows further cervical shortening. This may help in counseling and empiric management of these women, including advice regarding activity level, travel and possible use of corticosteroids.
It should be noted that the short cervical length <3.0 cm was not necessarily the first transvaginal ultrasound of woman in the gestational age window of 20 to 28 weeks. In our center, women with a history of spontaneous preterm birth may undergo serial ultrasonographic assessments of cervical length every 2 weeks, beginning 6 to 8 weeks before their earliest preterm birth (starting as early as 15 weeks). A woman may have a normal cervical length on initial assessments, but may shorten later in the gestational age window of 20 to 28 weeks. This would explain the later mean gestational of short cervical length found in our study (25 weeks 4 days and 26 weeks 2 days). Thus, if a normal cervical length is noted on first assessment, one cannot necessarily assume the cervical length will remain unchanged, as shortening may occur later in gestation.
The shortcomings of our study include the fact that this relatively small sample size does not allow evaluation of more uncommon outcomes, such as earlier preterm delivery or uncommon perinatal morbidities or subgroup analyses of the different high-risk groups (such as uterine anomaly). The decision to measure cervical length and to repeat this measurement was not standardized; however, in our centre the standard of care if a cervical length in this population is found to be <3.0 cm is to repeat the assessment within 1 to 2 weeks of the finding of a short cervical length. We excluded patients who underwent cervical cerclage placement. Had these women been included in our study, the results may have been affected, as cerclage placement may have affected cervical length and the risk of preterm birth. As women who delivered before a follow-up ultrasound or who underwent cerclage placement were excluded, our patient population was a select group in which women with a very short cervical length were less likely to be included. Finally, women and health care providers were not blinded to the cervical length results, as cervical length assessment was part of standard care for these women at our center.
Despite the limitations of our study, we found that in high-risk asymptomatic women with singleton gestations with a short cervical length <3.0 cm between 20 and 28 weeks gestation, further cervical length shortening predicts preterm birth <35 weeks' gestation and composite perinatal morbidity. Women who do not have further cervical shortening can be reassured that their risk of preterm birth is lower than those who have progressive shortening. Future research is recommended, focusing on subgroups (such as, previous preterm birth, uterine anomaly or excisional cervical procedures), with adequate sample size, to determine if further cervical shortening is more predictive for specific groups of women. Values are n/N (%) unless otherwise specified.
